Platinum exists in a face-centred cubic structure (Pearson symbol cF4) up to the melting point, which is a proposed secondary fixed point on the International Temperature Scale, ITS-90, at 204 1.3 K ( 1). High precision thermal expansion data for platinum is available up to 85 K and from 246 to 1900 K which allows the use of this metal as a thermal expansion standard above room temperature. In the temperature interval from 85 to 246 K thermal expansion values are estimated from a relationship between thermal expansion and specific heat developed by the present author fiom earlier Russian work (see Appendix). The close agreement between experimental length change measurements in this region and those obtained by integrating the estimated thermal expansion values gives validity to this approach to interpolation.
Only the lattice parameter at 293.15 K (20°C) has been used in deriving the crystallographic properties, all other values are based on the precision dilatometric measurements and include the thermal vacancy corrections which apply above 1300 K. The large scatter in the lattice parameter measurements, especially at high temperatures, is surprising for an element which is inert and obtained in very high purity. This scatter precludes comparison with the dilatometric data to obtain an independent estimate of the thermal vacancy parameters.
Thermal Expansion
Of the 22 sets of thermal expansion data tabulated by Touloukian and co-workers (2) in 1975, Kirby (3) considered that only those of:
Holborn and Day (4) from 273 to 1273 K, Austin (5) (to 1023 K), Austin (5) (to 873 K), Hahn and Kirby (7) and Edsinger, Reilly and Schooley (8), see Equation (viii). Equation (viii) for a* has an overall accuracy o f f 2 x 10.' R' and agrees with the interpretation of the same data by Kirby (3) to within
Because of the scatter in the lattice parameter data, Equations (i) to (ix), were used to represent both the crystallographic and bulk prop- the crystallographic properties in the high temperature range calculated from the dilatometric data by taking into account thermal vacancy effects. Unfortunately, there are no absolute measurements of the thermal vacancy concentration, cv (that is simultaneous measurements of dilatometric and lattice thermal expansion) but such measurements for copper (lo), silver (1 l), gold (1 2) and aluminium (1 3) suggest a common value of (7 ? 2) x 10.~ at the melting point. The enthalpy of monovacancy formation in platinum, H: , is now well established as 1.51 eV (14-1 6) and adopting the above value of cv leads to a value for the entropy of monovacancy formation, S: , of (1.32 k 0. (1 5) from results using a millisecond heat pulse technique. Therefore a value for cv of 7 x at the melting point is adopted for platinum, and the lattice thermal expansion can be related to the dilatometric thermal expansion as in Equations (x) and (xi).
Lattice Parameter at 293.15 K
A combination of those values selected by Donohue (20) as well as more recent determinations were corrected from l X and hgstrom units to nm using conversion factors recommended in the 1986 review of the fundamental constants (21) . Lattice parameters were corrected to 293.15 K using thermal expansion coefficients selected in this review. Table II were calculated using an atomic weight of 195.078 (36) and 6.0221367 x 1 OZ3 mol-' for Avogadro's Constant (2 1). Crystallographic and bulk properties, Tables II and 111, respectively, would be identical below 1300 K. Figure 1 shows those dilatometric measurements which differ notably from the selected values -the measurements of Vertogradskii (37) 356-1 589 K and the direct density measurements of Stankus and Khairulin (35) 293-2042 K. The finer scale graph, see Figure 2 , shows the dilatomemc measurements of Cowder and colleagues (38) 
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Appendix The Definition of Thermal Expansion
The thermodynamic thermal expansion coefficient, a, is the instantaneous change in length per unit length per degree or (YL)(aUaT). In practice it is determined as a change in length over a very short temperature interval and over this length a is defined as ((b -LI)/LI))/(T~ - 
The kX Lattice Parameter Unit
The X unit (X.U.) was introduced by Seigbahn (6 1,62) to be exactly equal to the millihgstrom unit (lo-" m) and is defined as being equal to 
Precision Relationship between Thermal Expansion and Specific Heat version of the Griineisen equation:
In the specific heat at constant pressure (C,) a = (10) r c,m, v where a is the linear thermal expansion coefficient, r is the Griineisen parameter, Bs is the adiabatic bulk modulus and V is the molar volume, a and C, increase rapidly below room temperature, whereas r, BS and V vary only slowly and can be lumped together as a weak function of temperature. Mel'nikova and co-workers (64-67) developed this relationship to:
where A and B are constants and T is temperature, in order to represent the sparse thermal expansion coefficient data for the alkali metals lithium to rubidium. However the bulk of the thermal expansion data for these elements is in the form of length change measurements which are poorly represented by the constants chosen by Mel'nikova and colleagues, especially for sodium and potassium below 200 K. An independent assessment of this equation for certain metals for which high quality thermal expansion and specific heat data is available below room temperature indicates that it gives a reasonable correlation down to about 150 K but is unsatisfactory below this temperature. However it can be shown (68) that the addition of further terms to this basic equation does lead to a precision relationship between a and C, in the form:
which, when n = 2, leads to a fit of the thermal expansion coefficient data for aluminium and tungsten below 300 K to within 1.6 x 1 0 . ' K-' and 1.1 x 1 O4 K-', respectively, and for copper using either n = 1 or 2 to within 8 x R'. Therefore the behaviour of this equation suggests that it can be used for interpolation for the surprising number of metals for which high quality thermal expansion data is available only below 90 K and at room temperature. The order of the equation used depends on the quality of the available data and for platinum it is found that the best compromise is to use two equations both with n = l rather than a single equation or one of higher order.
n =I
The Thermal Vacancy Effect
The generation of thermal vacancies close to the melting point leads to a difference between macroscopic or bulk thermal expansion (WdT) and microscopic or lattice thermal expansion (da/dT) and this difference can be exploited in order to obtain an absolute value of the vacancy concentration parameter (CV) as:
where L and a. are referred to a temperature at which cv is zero but which can be assumed to be the reference temperature 293.15 K without any loss in accuracy. Considered only in terms of monovacancies and neglecting the effects of &vacancies or interstitials, cv can then be related to the entropy (Sf) and enthalpy @ I ; ) of vacancy formation as: exp (Sv'lk -Hv'/kT) where k is Boltzmann's Constant, 8.617385 x eV R' (21) and T is temperature.
Therefore since the above two equations are equal, Sv' and H: can be determined by a measurement of the thermal expansion difference. Of other techniques which could be used these parameters can also be determined with a fair degree of accuracy from a combination of electrical resistivity measurements on specimens with quenched-in vacancies and diffusion experiments (17) . These measurements and a comparison with actual determinations for other metals allow an accurate estimate of the thermal vacancy parameters for platinum even though absolute values have not yet been determined.
Shinv Adhesive Platinum Coatings
J
The deposition of platinum coatings from electroplating baths onto various substrates has been written about here on previous occasions (1 , 2). The use of Q-salts has been particularly successful, and finds commercial application for plating the turbine blades of jet engines, so extending the life of the blades and the time between replacements. Now, researchers at Southampton University, England, have used platinum electroplating baths at the typical deposition temperature of 368 K, and at various potentials to examine the morphology of coatings produced on polished copper substrates (3).
They found that the morphology of the deposits depended strongly on the deposition potential. At a potential of -650 mV the deposit shows the cauliflower-like structure, typical of many high performance electroplates, and consists of many overlapping hemispheres, 0.5 to 2 pm in diameter. This coating is highly stressed, adhesion is poor and cracks are apparent; these increase as plating thickness increases.
As the potential is shifted to more negative values, such as -700 and -750 mV, which are potentials close to the peak in the currendpotential response, the deposits appear shiny and highly reflective. Micrographs show very little structure, the deposits consisting of very small, tightly packed, crystallites. At the more negative potential the coatings display the strongest adhesion to the substrate and the crack density decreases. These deposits may be made at 13 mA cm-', with high current efficiency. At even more negative potentials, the morphology totally changes, structure then consists of angular grains of dimension -0.5 p-n; the appearance is metallic, but semi-bright, and all signs -of stress have disappeared. There are no cracks and adhesion is very good. With significant hydrogen evolution the current efficiency drops and the deposit becomes increasingly matt in appearance.
Thinner platinum layers, 0.5 to 1.2 prn thick, were also deposited. For thin deposits at potentials positive to -800 mV the deposits are highly reflecting with good adhesion to the substrate and no evidence of cracking, although any surface blemishes on the underlying copper were visible. At a current density of 13 mA cm-' and a constant potential of -750 mV, the deposition rate can reach 12.9 pg Cm2 s-' with high deposit quality, which is more than five times the maximum rate achieved with constant current control. At constant current control, the most similar deposition occurs at a current density of 2.5 mA cm-', corresponding to a plating rate of 2.4 pg cm-' s-'. The authors conclude that while it may be technically difficult to achieve constant potential deposition, nevertheless it does seem to have considerable advantages over the more usual constant current deposition, and stress-and crack-free coatings, thicker than 5 p-n, can be produced. It is thus suggested that deposition at constant potential may provide a cheaper alternative for substrates which have a simple geometry.
